Aim-To establish if there is an association between early cardiovascular adaptation and intraventricular haemorrhage (IVH). Methods-One hundred and seventeen ventilated preterm infants (mean gestational age 27 weeks, mean birthweight 993 g) were studied echocardiographically within the first 36 hours. Measurements included right (RVO) and left ventricular outputs (LVO), ductus arteriosus (PDA) and atrial shunt diameter using colour Doppler and pulsed Doppler direction and velocity of both shunts. Clinical variables collected over the first 24 hours included use of antenatal steroids, respiratory severity, and mean blood pressure. Cerebral ultrasound scans were reported by a radiologist blinded to clinical and echocardiographic data. Results-Antenatal steroids (two doses) had been given to 73% of the 86 infants with no IVH compared with 48% of the 21 infants with grades 1 and 2 IVH, and just 10% of 10 babies with grades 3 and 4 (P<0.05). Both groups with IVH had significantly larger PDA diameters than the group with no IVH. Infants with grades 3 and 4 IVH had significantly lower RVO than the other infants. These differences were more pronounced when only infants with definite late IVH were analysed. Logistic regression analysis showed lack of antenatal steroids and larger PDA diameters were significantly associated with any grade of IVH and lack of antenatal steroids; lower RVO was significantly associated with grades 3 and 4 IVH. Conclusions-Larger early PDA shunts, lower RVO, and lack of antenatal steroids were significantly associated with IVH. (Arch Dis Child 1996;75:F183-F186) 
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The haemodynamic basis of intraventricular haemorrhage (IVH) remains unclear. Both the association with early hypotension" and studies of cerebral blood flow45 suggest that cerebral hypoperfusion is an important antecedent risk factor. Few studies of cerebral blood flow have encompassed the driving force behind that flow, the cardiovascular system. An association between patent ductus arteriosus (PDA) shunting and IVH has been suggested6 but these studies have not embraced the wide range of the importance of shunting through the PDA in the early postnatal period, when most IVH occur. 7 We have shown that an assessment of both atrial and PDA shunt size can be derived from the respective colour Doppler shunt diameter. 89 We used this and other echocardiographic measures to highlight the complexity of early preterm cardiac haemodynamics in a cohort of 120 ventilated preterm infants.10 Low ventricular outputs are a common early finding and are associated with high ventilatory pressures and large left to right PDA and atrial shunts which "steal" blood from the systemic circulation, even in the early postnatal period. 10 We hypothesised that there is an association between these early cardiovascular changes and IVH. The aim of this analysis was to examine if there were any significant associations, in this same group of preterm infants, between our early echocardiographic measures, other perinatal variables, and the occurrence of IVH.
Methods
Preterm infants with a birthweight of less than 1500 g and respiratory problems likely to require mechanical ventilation for more than 24 hours were selected for echocardiographic study. The infants were studied over two 12 month periods which began, respectively, in February 1992 and June 1993. Echocardiography was performed at a mean of 19 hours of age (range 7-31 hours).
Echocardiographic data collection was done using an Acuson 128/XP10 ultrasound machine with a 7 MHz transducer incorporating colour flow, pulsed wave, and continuous wave Doppler. Structural normality of the heart was established on the initial scan. A videotape of the scan was made and measurements were done later. Echocardiographic measures included: right ventricular output (RVO); colour Doppler diameter and pulsed Doppler direction of any ductus arteriosus shunt; left ventricular output (LVO); colour Doppler diameter and pulsed Doppler direction of any interatrial shunt. The echocardiographic procedure and measurement protocol have been described before.'0 Cerebral ultrasound scans were performed with a 7 MHz transducer. All infants were scanned between the fourth and seventh postnatal day and then again on day 28. These scans were recorded on to x-ray film and reported by a paediatric radiologist who was unaware of either the echocardiographic or clinical findings. These scans were used as the t and t mark significant differences between two groups, P < 0.05. LSCS: lower segment caesarean section primary outcome measure with respect to this study. Most infants (27 of 31 who developed IVH) had a cerebral ultrasound scan at the time of echocardiography which was interpreted by the echocardiographer (NE or MK) both of whom are experienced and trained in the interpretation of neonatal cerebral ultrasonography. As these early scans were not interpreted blinded, they were used in a secondary analysis of the timing of IVH relative to the echocardiogram. IVH was classified into grades 1 to 4 according to the Papile classification. Grade 1: germinal matrix haemorrhage; grade 2: with extension into the ventricles; grade 3: with ventricular dilatation; grade 4: with intraparenchymal extension.
Antenatal variables recorded included maternal hypertensive disease, antenatal steroids (a complete course being defined as two doses 12 hours apart given before delivery) and type of delivery.
Postnatal variables recorded included averaged hourly measures of FIO2 and mean airway pressure (MAP) over the first 24 hours. The averaged hourly measures of mean blood pressure (MBP), the lowest recorded MBP, the percentage of time that the MBP was less than 30 mm Hg and the variation in MBP (expressed as the standard deviation divided by the mean) were recorded for the first 24 hours. All blood pressure measurements were taken from intra-arterial catheters.
All ventilated infants were sedated with a morphine infusion at 20 to 40 rg/kg/hour.
Muscle relaxation was not used routinely. Surfactant therapy was given as two doses of Exosurf, 12 hours apart, as rescue treatment to infants with radiological hyaline membrane disease and an FIO2 greater than 0.3. All infants given surfactant had received their first dose by the time of echocardiography. No infant had air leak syndrome at the time of echocardiography. Blood pressure was sup- ported if the mean blood pressure fell consistently below the infant's gestation in weeks. Human albumin (10 ml/kg of 5%) was given initially, followed by dopamine (or occasionally dobutamine at the clinician's discretion) at 10 jig/kg/min, increasing in steps to a maximum of 20 jg/kg/min if MBP did not improve. Further boluses of 5% albumin were given, at the attending clinician's discretion, if hypotension persisted. Of the 32 infants who were given inotropes, 31 were already receiving them at the time of echocardiography.
The study had the approval of the Royal Prince Alfred Hospital ethics committee and all infants were studied with the informed consent of their parents unless there was a clinical indication for echocardiography.
Statistics were performed with a PC software package (SPSS, Chicago, Illinois) using Mann Whitney U test and logistic regression. Significance was accepted at P<0.05.
Results
One hundred and forty one infants who met the study entry criteria were admitted to our nursery during the two 12 month study periods. Twenty one infants (14% of total eligible infants) were not studied as neither investigator was available to perform a scan after they were born. Three babies were excluded because they died before IVH could be assessed as an outcome measure. The remaining 117 infants were incorporated into this analysis. They had a mean gestation of 27.3 weeks with a range from 24 to 33 weeks and a mean birthweight of 993 g (range 512 to 1490 g). Of the 21 eligible babies not studied, three had grade 1 IVH and two grade 2 IVH.
Infants were classified into three groups: those with no IVH (n=86); those with grades 1 or 2 IVH (n=2 1); and those with grades 3 or 4 IVH (n= 10). There were no significant differences in antenatal or demographic variables except in the proportion of each group who received a complete course of antenatal steroids (table 1). Seventy three per cent with no IVH received a complete course compared with just one (10%) of the infants who developed a grade 3 or 4 IVH (P<0.04). Infants with grade 3/4 IVH were more likely to be given plasma volume expanders in the first 24 hours of life than those without IVH (P<0.05), but there were no differences in inotrope use (table 2) . There was a tendency for MBP over the first 24 hours to be lower in infants who developed IVH but the overlap between groups was wide and the differences were not significant ( MBP on day 1, day 1 averaged MAP, treatment with surfactant, volume of plasma expanders given, postnatal age at echocardiography, RVO, PDA diameter, atrial shunt diameter and LVO. Lack of antenatal steroids (P=0.006) and larger PDA diameter (P=0.023) were associated with IVH. Additional logistic regression analysis was done, using the same variables, to determine which factors were associated with grade 3 or 4 IVH when compared with infants with no IVH or grades 1 and 2 IVH. Lack of antenatal steroids (P=0.0015) and lower RVO (P=0.026) were associated with grade 3 or 4
IVH.
Twenty seven of the 31 infants who developed an IVH had an head ultrasound scan at the time of echocardiography. Of these, eight had early evidence of IVH and 19 were normal. The cardiac findings in the 19 babies where the IVH occurred after the echocardiogram were then analysed. Table 5 shows larger differences in both median RVO and PDA diameter with more severe IVH, although numbers in the grade 3/4 group were small. RVO in those with grade 3 and 4 IVH was significantly lower than those with no IVH (P=0.03). But the difference with grades 1 and 2 IVH did not quite reach significance (P=0.07). PDA diameter was significantly larger in both groups with IVH than those with no IVH (P=0.03).
Discussion
In the newborn beagle puppy model, provocation of an IVH requires severe exsanguination followed by reperfusion." Thus cerebral hypoperfusion seems to be an important antecedent to IVH. That this is also true in preterm infants is suggested by the fact that early systemic hypotension'-' and lower cerebral blood flow45 are both risk factors for IVH. Thus an understanding of the causes of cerebral hypoperfusion is fundamental to the haemodynamic basis of IVH. As preterm babies are not usually hypovolaemic," " other causes of low systemic flow are likely to be important.
As far as we are aware, this study is the first to have associated detailed early cardiovascular haemodynamics with IVH and to have shown three significant factors associated with IVH: lack of antenatal steroids and two cardiovascular factors which relate to low systemic blood flows-lower RVO and a larger diameter ductus arteriosus. This study is limited by the fact that, although the echocardiograms were done early, they were not early enough to define the antecedent haemodynamics of IVH in all cases. Eight of 27 babies scanned at the time of echocardiography already had evidence of IVH. As such, the echocardiographic findings in these babies must be seen as pointers to what might be happening in the first few hours after birth. However, when the analysis included only the babies where the IVH occurred after the early scan, the trend to lower RVO and larger PDA diameter becomes more pronounced, although small numbers do limit the statistical power of this subanalysis.
This study provides further confirmation of the protective effect of antenatal steroids against IVH that has been shown in other studies.'4 5 Could this protection be mediated through cardiovascular factors? Antenatal steroids reduce the incidence of PDA,'5 hypotension, and the need for blood pressure support,'4 and early low blood pressure has been associated both with large PDA shunts'617 and with the development of IVH.'-An association between PDA and IVH has been reported in studies which have defined PDAs by later clinical diagnosis and need for treatment.'8'9 While this does not take into account the haemodynamic influence of the ductus in the early postnatal period when most IVH occur, 80% of PDAs which become symptomatic will have been large, haemodynamically important, and clinically silent in the early postnatal period.202' In contrast, neither Shortland et al 7 nor Ment et al 22 showed any association between IVH and early PDA. However, neither study used echocardiographic measures which would define PDA haemodynamic importance. Most ducts will be open in the early postnatal period,20 but haemodynamic importance varies widely and so too could the influence on outcomes. This study, using a continuous variable which relates to PDA shunt size,9 has shown a significant association between PDA diameter and IVH. Left to right flow at ductal level shunts blood away from the systemic circulation, even at this early postnatal time'0 and it is possible that cerebral hypoperfusion could result.2 '25 Other evidence which might implicate early PDA shunting in IVH includes the observation that high concentrations of vasodilating prostaglandins have been found both in babies with IVH26 and in those with PDAs,27 and also that the prostaglandin inhibitors, indomethacin and ethamsylate, reduce the incidence of both IVH and PDAs when given prophylactically.2228 * and t mark significant differences between two groups, P < 0.05.
Low RVO was the additional factor associated with grade 3 and 4 IVH in our study. RVO is probably a more sensitive measure of low systemic blood flow than LVO'°because, while neither ventricular output represents systemic blood flow due to intracardiac shunting, the atrial shunts which increase RVO are usually smaller than PDA shunts which increase LVO.
In our previous report, the two significant negative influences on RVO were PDA shunt size and MAP. These factors (and probably others which we have not been able to define) may combine to produce a low systemic flow state which makes the brain vulnerable to haemorrhage when reperfusion occurs. Prevention of IVH remains an elusive goal. Early use of prophylactic indomethacin seems to reduce the incidence of IVH 22 and the results of this study would suggest that some of this effect could be mediated through ductal closure. However, concerns about the negative effects of indomethacin on cerebral blood flow and oxygenation have led to cautions against the use of this approach.29 If IVH risk is associated with early PDA size or other cardiovascular factors which could be recognised using echocardiography then it might be possible to target indomethacin and other measures to support the systemic circulation at just those at risk infants. We are currently undertaking a prospective study of cardiovascular and cerebral haemodynamics starting in the first hours after birth to explore this possibility.
